As the test material mink feed with natural microflora was used. The analyses were conducted using Wrzosek and TPGY broth media, and Willis-Hobbs and Zeissler differential agar media. Wrzosek, Willis-Hobbs, and Zeissler media are described in Polish Standards approved by the National Standards Body in Poland and routinely used in detection of anaerobic bacteria in Poland. Detection and identification of C. botulinum was performed with a previously validated real-time PCR method based on ntnh gene detection, which is common in all C. botulinum toxotypes. The use of Wrzosek broth and Zeissler agar in routine analyses for detection and identification of C. botulinum was ineffective and limited. The obtained results showed the highest culturing process effectiveness in TPGY broth with 72 h incubation at 30°C and isolation on Willis-Hobbs agar. The real-time PCR method based on ntnh gene detection used in this study could be utilised as a supplementary tool to the mouse lethality assay.
Introduction
The genus Clostridium is a heterogeneous group of spore-forming bacteria. Clostridium botulinum is able to produce the strongest naturally occurring toxins (botulinum neurotoxins (BoNTs), and comprises eight serotypes designated by the letters A to H (12, 13) . These toxins are known to be the aetiological factor of botulism a neuroparalytic disease arising from inhibition of acetylcholine in nerve endings (18, 29) . Each type of toxin differs in geographical distribution and species susceptibility, variously affecting mammals, birds, fish, and humans.
Botulism in fur animals has been considered as a major hazard for decades. The earliest report of a botulism outbreak in minks was described in 1930 (21) . Since this time, numerous outbreaks associated with minks have been noticed; however, the symptoms of this disease have also been described on fox and ferret ranches (26) . In mink ranches, botulism outbreaks affect thousands of animals and cause considerable economical losses. Most frequently, botulism is caused by feeding animals improperly chilled slaughter by-products, because these are used in feed manufacturing (1, 25, 27) . The treatment material has to undergo the requirements which should be met during the registration process of animal by-products for the manufacture of mink feed. C. botulinum detection is very complicated because of the culturing demands and the lack of selective media for isolation of all strains. Generally, C. botulinum detection is based on proving the sample's ability to produce one of the BoNTs. Nowadays, the procedure based on a mouse bioassay is recommended for C. botulinum detection in the food chain. Generally, detection of the bacteria in Poland is conducted according to the protocols described in Polish Standards approved by the National Standards Body in Poland (2, 4) .
The aim of this study was optimisation of a protocol for C. botulinum detection in feed for minks, based on traditional culturing combined with a real-time PCR method.
Material and Methods
The detectability of C. botulinum AZK3 (type A) was experimentally assessed in various microbiological media such as: trypticase peptone glucose yeast extract (TPGY) broth, Wrzosek broth, Willis-Hobbs agar, and Zeissler agar. TPGY broth had this composition: 50 g of pancreatic digest of casein, 5 g of pepton, 5 g of yeast extract, 1 g of glucose, and 1 g of sodium thioglycolate, pH 7.1 ± 0.2. In detail, Wrzosek broth was: 10 g of peptone, 8.5 g of sodium chloride, 5 g of glucose, liver extract to 1000 mL, and 2-3 pieces of liver per tube. WillisHobbs agar was constituted of 6.9 g of lactose, 15 g of agar, plain broth to 800 mL, 2.6 mL of 1% neutral red solution, and 120 mL of skimmed milk with egg yolk. Finally, Zeissler agar comprised sugar agar with 1000 mL of 1% glucose and 30 mL of sterile sheep blood.
The analyses were conducted on mink feed which was sent to the Department from the Regional Veterinary Laboratory in Szczecin. The feed contained poultry slaughter by-products (frozen 24.5%, fresh 4%, and pasteurised 12%), fish byproducts (flounder 6.5%, cod 6%, and sprat 15%), 11% extruded cereals, 1.75% dried haemoglobin, 1.75% fishmeal, 0.5% meal of pork, 10% acidifier (sorbic acid, formic acid, lactic acid, propionic acid, L-ascorbic acid, citric acid, phosphoric acid, and ammonium formate), and sodium metabisulfite (1.5 kg/t of feed) as a preservative. The mink feed as a ready-to-use product was unpasteurised and its pH was 4.0. The analyses were performed with the use of C. botulinum reference strains from the National Collection of Type Cultures (NCTC 887, NCTC 3815, NCTC 8248, NCTC 8265, NCTC 8266, and NCTC 10281 strains) and from the Military Institute of Hygiene and Epidemiology in Warsaw collection (AZK3). For artificial contamination of samples, spores of C. botulinum type A (AZK3 strain) were obtained according to the method described by Fletcher (17) . The enumeration of spores and vegetative cells were also conducted proceeding as per Fletcher (17) . The test samples were evaluated for the presence of natural microflora with protocols described in standardised methods (2, 6, (7) (8) (9) 11) .
Enrichment in broth media. Probes with 1 g of mink feed were inoculated with 10 mL of Wrzosek or TPGY broth. Subsequently, the samples were inoculated with decimal dilutions of vegetative cells and spores of the AZK3 C. botulinum strain. Then cultures were incubated at 30°C or 37°C for 48 or 72 h ( Table 1 ). The contamination was conducted on nine probes with or without mink feed addition and inoculated with subsequent decimal dilutions of the AZK3 strain. The probes containing C. botulinum spores were pasteurised at 70°C for 15 min.
Plating on differential media. In the isolation process of C. botulinum AZK3 strain from liquid cultures, the Willis-Hobbs and Zeissler agar media were used. Two drops of inoculum were spread on the media. The plates were incubated at 30°C or 37°C for 48 h under anaerobic conditions with the use of the Anaerogen system (Oxoid, UK). The obtained colonies were evaluated taking into account lipolytic, proteolytic, and lecitinolytic properties and β-haemolysis.
DNA extraction. DNA was extracted from 1 mL of liquid culture in TPGY broth or from suspected colonies on agar media. The extraction was performed with the Genomic Mini AX Bacteria commercial kit (A&A Biotechnology, Poland) according to the manufacturer's protocol. Then, the DNA was diluted in 100 μL of Dnase-and Rnase-free water. The obtained extracts were directly used in PCR or stored for 1 week in a fridge at 2-8°C.
Real-time PCR. The detection and identification of C. botulinum from liquid culture and differential agar media was performed by real-time PCR which enabled detection of the ntnh gene determining nonhaemagglutinin component production, which is common to all C. botulinum toxotypes. The reaction was performed according to the protocol of Raphael et al. (28) with modifications made by Grenda et al. (19) . This method was previously validated by the authors (19) with a mouse bioassay (2) and the proceedings described in EN ISO 16140:2004 (5). Reference strains from the NCTC collection were used as the positive control.
All experiments were performed in duplicate.
Results
The microbiological analysis demonstrated the presence in feed of microorganisms from natural microflora at the following levels: Enterobacteriaceae-4.0 × 10 2 cfu/g, Escherichia coli-1.7 × 10 2 cfu/g, Clostridium perfringens-5.0 × 10 3 cfu/g, aerobic mesophilic bacteria-7.6 × 10 4 cfu/g, and fungi-9.0 × 10 2 cfu/g. Bacteria from the Bacillus and Salmonella genera were not detected.
The greatest detectability of C. botulinum AZK3 vegetative cells was observed after incubation in TPGY and Wrzosek broths at 37°C for 72 h and was estimated at the level of 10 0 cfu/g. After 48 h and 72 h incubation at 30°C, the growth of vegetative cells of the AZK3 strain in Wrzosek broth was not noted. The least detectability was revealed at 37°C for 48 h of incubation, estimated for Wrzosek broth at the level of 10 4 cfu/g and for TPGY broth at the level of 10 3 cfu/g (Fig. 1, Table 1 ).
The highest detectability of C. botulinum AZK3 spores in mink feed for both examined liquid media was estimated at the level of 10 1 cfu/g for TPGY and 10 3 cfu/g for Wrzosek broth, in both cases after 72 h at 30°C. The lowest detectability of C. botulinum growth was noted at 37°C for 72 h and estimated at the levels of 10 4 cfu/g for TPGY and 10 5 cfu/g for Wrzosek broth (Fig. 2, Table 1 ).
The highest growth of C. botulinum vegetative cells was noticed after 72 h incubation at 30°C and 37°C and equalled 10 -2 cfu for TPGY broth, whilst for Wrzosek broth it was estimated at the level of 10 -1 cfu. After 48 h incubation of TPGY and Wrzosek broths at 30°C and 37°C, lower growth was observed and it reached only 10 0 cfu (Fig. 3 , Table 2 ).
The highest detectability of C. botulinum spores was revealed at the 10 -1 cfu inoculation level after incubation for 72 h at 30°C in TPGY and Wrzosek broths. The lowest detectability of spores was estimated at the 10 0 cfu inoculation level after 48 h incubation in TPGY and Wrzosek broths at 30°C and 37°C (Fig. 4, Table 2 ).
The isolation of vegetative cells and spores on Willis-Hobbs agar was obtained at the same inoculation level as TPGY and Wrzosek broths, whilst the identification on Zeissler agar was limited by native microflora present in mink feed samples. The identification of C. botulinum AZK3 strain on Zeissler agar was possible only in broths without mink feed. 
Discussion
The highest effectiveness of C. botulinum culturing was observed in TPGY broth incubated for 72 h at 30°C. According to the Polish Standards protocols published in 1990s and used in laboratories nowadays, the C. botulinum detection is based upon culture in Wrzosek broth and on Zeissler agar incubated at 37°C for 48 h. According to the obtained results, it is possible that the use of Wrzosek broth and Zeissler agar in routine analyses for detection and identification of C. botulinum is ineffective and limited. The differences between the detectability of C. botulinum in TPGY and Wrzosek broths could be caused by growth inhibition factors. one of them is the native microflora of mink feed, which have lower culturing demands. According to the predictive microbiology Combase models (http://www. combase.cc), it is possible that the number of C. perfringens cells can double during approximately 50 min at 30°C (pH 5, aw = 0.997), whilst the number of C. botulinum cells does the same after approximately 154 min. The results of our study have shown that C. botulinum growth in mink feed was much more progressed at 30°C, whilst in the pure culture, the growth in the examined broths was comparable at both temperatures and in both broth kinds. C. botulinum isolation was only possible with Willis-Hobbs agar, where characteristic features of this species were observed as a "pearl layer" proving the lipolytic properties, proteolytic activity characteristic of the first metabolic group of this pathogen, and a change in agar surface colour (from red to yellow). Until now, there have been no selective media for the isolation of all strains belonging to C. botulinum, which complicates the pathogen's identification by traditional culture methods (14, 20) . The reference method for BoNTs and C. botulinum detection according to the Association of Official Analytical Chemists (AOAC) is a mouse lethality assay (14) . It is based on the intraperitoneal injection of supernatant obtained from the suspected culture. At the same time, negative controls are conducted (2, 14) . The occurrence of paralysis in the animals confirms the presence of C. botulinum and BoNT. The variability of phenotypic features within the species and high probability of toxin gene loss through passages (20) make the reference method an insufficient tool for a reliable diagnosis of botulism. Besides, the examination is also labour-intensive, timeconsuming, and ethically controversial (20, 24) . Realtime PCR based on ntnh gene detection as used in this study could be adopted as a supplementary tool to the mouse lethality assay. The specific detection of the pathogen is possible after incubation in broths (24) .
New tools for specific C. botulinum detection seem to be essential taking into consideration the limitation imposed by methods routinely used in Poland and the frequency of this pathogen's occurrence in slaughter by-products. Myllykoski et al. (26) noticed that most components of mink feed such as pork, poultry, cattle, or fish slaughter by-products contained C. botulinum spores. The estimated number of C. botulinum spores was as high as 6.4 × 10 3 /kg in swine blood used as a feed component. C. botulinum has also been demonstrated to be present in the gastrointestinal tract of pigs and cattle (15, 16, 26) as well as in the poultry production chain (17) . In addition, Baltic herring, which may form up to 20% of the fur animal feed in Finland, frequently contains C. botulinum type E spores (22, 23) .
Generally, the outbreak of botulism causes financial losses for feed processing plants, and fur animal owners. Toxin-containing carcasses and feed are considered high risk material and subjected to incineration under the control of regional veterinary officers and environmental health authorities. In the authors' opinion, the described method of TPGY culturing combined with real-time PCR could be an effective tool for detection and identification of C. botulinum in mink feeds.
